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improved uniformity of print density, and a significantly 
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Description ■ 

BACKGROUND OF THE INVENTION 

[0001 ] This invention relates to aqueous inks for ink jei, and more particularly, to aqueous pigmented ink jet inks con- 
taming cationic dispersants and surfactants to alleviate the mottling appearance of the applied ink 
[0002] Ink jet printing is a non-impact printing process in which droplets of ink are deposited on a substrate such as 
paper or transparency film in response to an electronic signal. Low cost and high quality of the output, combined with 
relatively noise free operation, have made ink jet printers a more popular option to other types of printers used with 
computers. Both dyes and pigments have been used as ink colorants for ink jet printers. The dye-based inks while in 
general superior .n color properties have several disadvantages as compared to pigment based inks. The dyes are usu- 
ally water soluble and remain so after drying on the substrate. They are easily redissolved by water spills and the image 
smears on contact with felt pen markers. In addition, the dyes exhibit poor light stability relative to pigments and are 
known to fade even under office lighting. Thus, dye-based inks are often unsuitable for use in applications requiring 
is moisture resistance and greater light stability. The pigments are preferred colorants. ' 

[0003J Pigmented inks having the colorant in particulate form and dye based inks interact differently with substrates 
especially plain paper. With pigment based inks, there appears to be a tendency for the pigment particles to fill the holes 
between the paper fibers first. Unless high loading of pigment is used, the coverage of colorant in a solid area fill on 
plain paper will appear to be non-uniform, and the output will have a blotchy, mottled apace. High pigment loading on 
the other hand will cause reliability problems such as viscosity increase, clogging, etc. and adversely affects the print- 
ing. Accordingly, there exists a need for the pigmented ink jet inks to produce output with uniform density and a mottle- 
free appearance on the plain papers, without loss of desirable ink properties such as optical density, chroma, dispersion 
stability secondary color generation. 

25 SUMMARY OF THE I NVENTION 

[0004] The pref ent invention provides an ink jet ink comprising: 

(a) an aqueous vehicle: 
30 (b) an insoluble colorant: 

(c) a cationic polymeric dispersant: and 

(d) a surfactant selected from the group consisting of: 



20 



35 



(1) Amine cxides 



Pa 



<o r. 



wherein R 2 and R 3 are selected from the group of H, C r C 4 alkyl, C r C 4 hydroxyalkyl; Ri is a C 8 -C 22 alky! aryl 
or alkylaryl, linear or branched, and may contain -0-. -N-, -S-, -C(O)-, -C(0)0-, -C(0)N-, -S(0) 2 N-. or unsatu- 
45 ration groups; or 



50 



(2) N-Alkyl betaines 



?! 

R 1~N <CH 2 ) x -C(0)0 



55 wherein x = 1-4; is C 8 -C 22 alkyl, aryl, or alkylaryl, linear or branched, and may contain -0-, -N-, -S-, -C(O)- 

, -C(0)0-, -C(0)N-, -S(0) 2 N-, or unsaturation groups; R 2 and R 3 are selected from the group consisting of H, 
C r C 4 alkyl, C r C 4 hydroxyalkyl and C r C 4 carboxy; and R 2 and R 3 may be connected to form a 5-6 membered 
cyclic structure which may contain hetero atoms selected from the group consisting of N, O. S; 
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(3) fthoxylated long chain alcohols 

R-( OCHgChy x -OH 

wherein R is C s -C 22 alky!, aryl, or alkylaryl, linear or branched, and may contain -0-. -N-, -S-, -C(O)-, -C(0)0- 
, -C(0)N-, -S(0) 2 N-, or unsaturation groups; x = 2-100; or 

(4) Acetylenic diols 



R 2-C-C=C-C-R4 
I I 
(OOjH^OH (OC 2 H4) OH 

15 J 

wherein x + y = 1-100 . preferably 4-50; R 1( R 2 , R 3f and R 4 are independently selected from the group of C r 
C 20 alkyl. aryl, and alkylaryl, linear or branched; and 

20 (5) Long chain amine salts 



R| — N* — R4 
R 3 X- 

wherein R 1( R 2 , R 3 , and R 4 are independently selected from the group consisting of H, C r C 4 alkyl, C n C 4 
hydroxy alkyl, carboxy C r C 4 , polyethylene oxide and linear or branched C 8 -C 22 alkyl, aryl, or alkylaryl, with the 
proviso that any two of R 1( R 2 , R 3 , and R 4 may be connected to from a 5-6 membered cyclic structure which 
may contain hetero atoms selected from the group consisting of N, O, S and with the further proviso that at 
35 least one of R 1? R 2> R 3 , and R 4 is and linear or branched C 8 -C 22 alkyl. aryl, or alkylaryl; X is the counter ion, 

and may be selected from the group consisting of the conjugate bases of organic acids and inorganic acids 
such as hydrochloric acid, sulfuric acid, phosphoric and, nitric acid, etc.; and mixtures thereof. 

[0005] The inks 0? the invention are stable, have low viscosity, exhibit excellent print quality, provide excellent smear 
40 resistance after drying and good decap or crusting time. In particular, the inks of the invention show improved mottle 
and edge acuity on plain paper substrates verses prior art inks without sacrificing optical density, dispersion stability or 
loss of chroma. In fact, as demonstrated in the examples that follow, in some instances the inks of the invention show 
improved chroma and improved secondary colors. 

[0006] The inks of the invention may be used with a variety of ink jet printers such as continuous, piezoelectric, drop- 
45 on-demand and thermal or bubble jet drop-on-demand, and are particularly adapted for use in thermal ink jet printers. 
These inks may also be useful in air brush printing devices. 

DETAILED DESCRIPTIO N OF THE EMBODIMENTS 

so [0007] The invention provides an ink jet ink composition which is particularly suited for use in ink jet printers in general, 
and thermal ink jet printers in particular. The essential components of the ink comprise an aqueous vehicle, an insoluble 
colorant, a cationic polymer dispersant and a surfactant. The inks may contain other ingredients to adapt the inks to the 
requirements of a particular ink jet printer or to provide a balance of light stability, smear resistance, viscosity, surface 
tension, high optical density, and crust resistance. 

55 

Aqueous vehicle 

[0008] The aqueous vehicle is water or a mixture of water and at least one water soluble organic solvent. Selection 
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15 



45 



SO 



55 



of a suitable mixture depends on requirements of the specific application, such as desired surface tension and viscosity 
the selected colorant, drying time of the ink. and the type of substrate onto which the ink will ^riS^SSwSZ 
water-soluble organic solvents that may be se.ected are disclosed in US Patent 5.085.698 A nSre JETS! 
polyhydnc alcohol, such as d.ethylene glycol, is preferred as the aqueous vehicle 

SI™ 
appro^^ 

[0010] The amount of aqueous vehicle in the ink is in the range of approximately 70 to 99.8% preferably 80 to 99 8% 
based on total w ei ght of the .nk when an organic pigment is selected; approximately 25 o 998% ^SSiSfwi 
99.8% when an inorganic pigment is selected; and 80 to 99% when a dispense dye is se"cti 

Insoluble Colorants 

[001 1 ] The insoluble colorant may be a pigment or a disperse dye In the Dreferred PmhrvWn. 
tion, the insoluble colorant is a pigment. Useful pigments comprise a wfcf e variet^ Jll ? ^ P ' eS ^ ™ en ' 
alone or in combination. The pigment particles a're sufficient^ i ^S^^^^f^ 

particle size also has an influence on the pigment dspersion stability, which is critical throughout the life of the ink 
Browman motion of minute particles will help prevent the particles from settling. It is alsodesSe to u* ^^Dartdes 
for maximum color strength. The range of useful particle sire is approximately 0.005 m£on ,o 15 mteiTiXS? 

oniT^ IT ^ Sh0U ' d ^ f '° m ° 005 ,0 5 miCf0n and mos1 P^ferabiy. from oS o 0 3 m cron * 
[0012] The selected p.gment may be used in dry or wet form. For example, pigments are usuali™factured in 
aqueous media and the resulting pigment is obtained as water wet presscake In i Drraato I™ S , . 

EE? k r0C l S 0f Preparin9 ,he inkS ,r ° m dfy Pi9mente - Representative commercial d^a^ ^pre^cate pl- 
ments that may be used ,n practicing the invention are disclosed in US Patent No. 5,085.698 issu ^February 4 1992 
[0013J F.ne part.cles of metal or metal oxides also may be used to practice the invention. For Example meia aS 
metal oxides are suitable for the preparation of magnetic ink jet inks. Fine particle size oxides ZchTJto^ELS 
titama. and the like, also may be se.ected. Furthermore, finely divided metal particles' s?ch« copper iron steel 1 
3D mmum and alloys, may be selected for appropriate applications . sucn as copper, .ran. steel, alu- 

[0014] In the case of organic pigments, the ink may contain up to approximately 30% pigment by weight butwilloen 
erally be ,n the range of approximately 1 to 15%. preferably approximately 1 to 8% by weight o SSnk^mnnJftn 
for most thermal ink jet printing applications. If an inorganic pigment is selected ftTff l^^SS 
weight percentages of the pigment than with comparable inks employing organic pigment a-S mav S as hS « 

ZirZi 5 ^?™' Tr Pi9men,S 9eneraNy h3Ve 3 hi9he " Spec » ic the^Sc pigmems 

[0015] Dispersed dyes may also be used as the insoluble colorant. Although both are insoluble in the ink comoosition 
dispersed dyes differ from pigments in that pigments remain in a particulate or crystalline state ^tSoughouX priSo 
TK 6rea , S d ' SPerSed dyeS ' 31 SOme 0° inl in the P finlin 9 P™ess. become soluble P 9 

!>nn he T "IT* ° f ^ **" the ink is ^ a of ^oice. being primarily dependent 

upon the desired color of the pr.nt achieved with the ink, the purity of the dye. and its strength Low concenVatfons of 
dye may ^no. give adequate color vividness. High concentrations may fmili^^t^^ZS^TS^ 
ably dark colors. The disperse dye may be present in the amount of 0.01 to 20%. by weight preferXo So to 8? bv 
weight, more preferably 1 to 5%, by weigh,, based on the total weigh, o, the ink D sperse dy^^^ 
th.s invention are disclosed in US 5,053,495; US 5,203.912; and US 5.102,448. for example 

Cationic Polymeric Dlspcrsa^ 

taS at I h l C n!!r iC P w° ,y T eriC diSPerSant C ° mpriSeS 3 backb0ne prepared ,r ° m elhylenically unsaturated units and 
having at least one pendant ,on IC moiety derived from a cationic unit on the monomer and being of the genera, formula: 



20 



25 



35 



40 



R l R 2 

V - 

A X 
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wherein A is N, P, or S; R r R 3 are each independently H, alkyl or alkyl ether of 1-20 carbon atoms, or aryl or alkylaryl 
having 6-15 carbon atoms, with the proviso that R 3 is not present when A is S; and wherein X is an anion selected from 
the group consisting of haiides, conjugate bases of organic acids, and conjugated bases of inorganic acids. 
[001 8] The cationic polymeric dispersants suitable for practicing the invention may be a random polymer or structured 

5 poiymers such as block and branched type of copolymers. Random polymers are not as effectivein stabilizing pigment 
dispersions as structured polymers and. therefore, are not preferred. However, a random polymer which has both 
hydrophilic sections for aqueous solubility and hydrophobic sections for interaction with the pigment and an average 
molecular weight to contribute to the dispersion stability can be effectively used to practice the present invention. Such 
random polymeric dispersants are disclosed in US 4.597,794. 

io [001 9] The block polymers suitable for practicing the invention are AB, ABA, BAB and ABC type of structures having 
hydrophobic and hydrophilic blocks and balanced block sizes to contribute to the dispersion stability. For useful 
branched or graft polymers, the hydrophobic portion can be conveniently built in the backbone while the hydrophilic por- 
tion is concentrated in the side chains, or vice versa. Functional groups can also be built into the hydrophobic (pigment 
binding) block for stronger specific interactions between the pigment and the polymer dispersant to give an improved 

75 dispersion stability. A detailed description of the block polymers can be found in the aforementioned US Patents 
5,085,698; 5.272,201 and 5,519,085. 

[0020] The cationic polymer dispersant may be prepared from ethylenically unsaturated monomers with at least one 
monomer containing the cationic unit. The cationic monomers can be in the required quaternary or tertiary configura- 
tions as polymerized, or more typically and preferably, are in the form of amine, phosphine, or thioether compounds 

20 which are then converted to the quaternary or tertiary state after the formation of the basic polymer structure. Examples 
of cationic monomers include N.N-dimethylaminoethyl methacryiate, N.N-dimethylaminoethyl acrylate, N.N-diethylami- 
noethyl methacryiate, N,N-diethylaminoethyl acrylate, t-butylaminoethyl methacryiate, 2-N-morpho!inoethyl acrylate, 2- 
N-morpholinoethyl methacryiate, 2-trimethylammoniumethyl acrylic methosulfate, 2-trimethylammoniumethyl methacr- 
yiate, chloride salt. 4-aminostyrene, 2-vinyl pyridine, diphenyfvinyi phophine, vinyltriphenylphosphonium bromide, allyl 

25 triphenylphosphonium bromide, allylmethylsurfide, and phenyrvinyl sulfide. Functional monomers or polymers may be 
reacted with a molecule to generate the potential cationic centers, such as attaching an amine group by reacting a 
copolymer of glycidyl methacryiate with dimethylamine. 

[0021] The cationic polymer may also contain non-ionic ethylenically unsaturated monomers. The hydrophobic mon- 
omers can be effectively used to construct pigment binding segments, especially in the case of structured polymers. 

30 Useful examples of such monomers include methyl acrylate. ethyl acrylate. n-butyl acrylate, 2-ethylhexyl acrylate, lauryl 
acrylate, stearyl acrylate, phenyl acrylate, benzyl acrylate. 2-phenylethyl acrylate, hydroxyethylacrylate. methyl meth- 
acryiate, ethyl methacryiate, n-butyl methacryiate, t-butyl methacryiate. 2-ethylhexyl methacryiate. lauryl methacryiate, 
stearyl methacryiate, cyclohexyl methacryiate. phenyl methacryiate, benzyl methacryiate. 2-phenylethyl methacryiate, 
2-hydroxyethyl methacryiate, styrene, a-methyl styrene, vinyi acetate, vinyl butyrate, and the like. Some of the 

35 hydrophilic non-ionic monomers such as those containing the ethylene oxide groups can be effectively used to balance 
the hydrophobicityAhydrophilicity ratio. Useful examples of such monomers include 2-(2-methoxyethoxy)ethyl acrylate, 
2-(2-methoxyethoxy)ethyl methacryiate, ethoxytriethyleneglycol methacryiate, methoxy polyethyleneglycol (molecular 
weight of 200-100) monomethacrylate, polyethyleneglycol (molecular weight 200-1000) monomethacrylate: and the 
like. 

40 [0022] The cationic centers may be generated by neutralizing the amine groups with acids selected from the groups 
consisting of organic acids such as acetic acid, formic acid, oxalic acid, glycolic acid, p-toluenesulfonic acid, etc. and 
inorganic acids such as hydrochloric acid, sulfuric acid, phosphoric and, nitric acid, etc. Alternatively, the tertiary amines 
may be converted to tetra-alkylammonium groups by alkylating agents such as benzyl chloride, methyl p-toluenesul- 
fonate, dimethyl sulfate, methyl iodide, etc. 

45 [0023] The cationic phosphonium and sulfonium salts are preferably made by reacting a halogented polymer (e.g., a 
polymer containing 2-bromoethyI methacryiate) with tri-substituted phosphines such as triphenyl phosphine and di-sub- 
stituted sulfides such as dimethyl sulfide, respectively. 

[0024] The amount of the cationic polymer depends on the structure, molecular weight and other properties of the 
polymer, and on the other components of the ink composition. The dispersant polymers that are selected in practicing 
50 the invention have number average molecular weight of below 100,000, preferably below 50,000, and typically in the 
range of 2,000 to 10,000. The polymeric dispersant may be present in the amount of 0.1 to 25%, preferably 0.1 to 8% 
by weight, based on the total weight of the ink composition. If the amount is too high, it will be difficult to maintain the 
desired ink viscosity. If insufficient polymer is present, dispersion stability will be adversely affected. 

55 Surfactant 

[0025] The surfactants of this invention are generally available from commercial sources. 
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R 



75 



30 



40 



45 



50 



55 



2 



R 



3 



70 "It"" 1 ! 1? fr ° m the 9r ° UP ° f K ° rC4 alkyL C i" C < M^yaikyl; R, is a C 8 -C 22 alkyl, aryl, or 

alkylar^, hnear or branched, and may contain -0-, -N-, -S-, -0(0)-, -C(0)0- -C(0)N-, -S(0) 2 N., or unsaturation 
groups; or 



(2) N-Alkyl betaines 

R 



2 
U 

R ,_N {CH 2 } x -C(0)0" 



20 R 3 



wherein x = 1-4; R 1 is C 8 -C 22 alkyl, aryl, or alkylaryl, linear or branched, and may contain -O- -N- -S- -C(0)- - 
C ,!°, )0 ^ "S (0)N '* " S(0)2N "' or unsat uration groups; R 2 and R 3 are selected from the group consisting of H C, -C, 
25 alkyl, C r C 4 hydroxyalkyl and C r C 4 carboxy; and R 2 and R 3 may be connected to form a 5-6 membered cyclic 
structure which may contain hetero atoms selected from the group consisting of N, O, S; 

(3) Ethoxylated long chain alcohols 

R-(OCH 2 CH 2 ) x -OH 



wherein R is C 8 -C 22 alkyl, aryl, or alkylaryl, linear or branched, and may contain -0-, -N-, -S- -C(0)- -C<0)0- - 
C(0)N-, -S(0) 2 N- ( or unsaturation groups; x=2-100;or ' ' 



35 (A) Acetylenic diols 



^2 — C — C^C — C — Rd 
I I 
(OC 2 H4) x OH (OC 2 H4) y OH 



wherein 



x + y = 1-100, preferably 4-50; R 1§ R 2( R 3 , and R 4 are independently selected from the group of (VC™ alkyl arvl 
and alkylaryljinear or branched; and 

(5) Long chain amine salts 
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Rj — N* — R4 
R 3 X- 

J 

wherein R 1( R 2> R 3 , and R 4 are independently selected from the group consisting of H, C r C 4 alkyl, C r C 4 hydroxy 
alkyl, carboxy C r C 4 , polyethylene oxide and linear or branched C 8 -C 22 alkyl, aryl, or alkylaryl, with the proviso that 
any two of R 1( R 2 , R 3 , and R 4 may be connected to from a 5-6 member ed cyclic structure which may contain hetero 
is atoms selected from the group consisting of N ( 0, S and with the further proviso that at least one of R A , R 2 , R 3 , and 
R 4 is and linear or branched C 8 -C 22 alkyl, aryl, or alkylaryl; X is the counter ion, and may be selected from the 
group consisting of the conjugate bases of organic acids and inorganic acids such as hydrochloric acid, sulfuric 
acid, phosphoric and, niiric acid, etc.; and mixtures thereof. 

20 [0026] Surfactants in groups (1) and (2) are classified as amphoteric surfactants. Specific examples of the amine 
oxides include Ammonyx® CO (cetyl dimethylamine oxide) by Stepan Co.. Ammonyx® MCO (myristy! cetyl dimethyl- 
amine oxide) by Stepan Co.. Standamox® CAW (cocoamidopropyl dimethylamine oxide) by Henkel Corp., and the like. 
Specific examples of the N-alkyl betaines include Chembetaine® C (cocoamidopropyl betaine) by Chemron Co., Chem- 
betaine® L (teuramidopropyl betaine) by Chemron Co., Macham® OB-30 (oleyt betaine) by The Mclntyre Group Ltd., 

25 Amphoterge®K-2(disodiumcocoamphodiproprionate)byLon2alnc.,andthelike. 

[0027] Surfactants in group (3) and (4) are classified as non-ionic surfactants. Specific examples of useful surfactants 
in group iii) include Tergitol® 15S-7 (C11-C15 secondary alcohol ethoxylate) by Union Carbide Co., Alfonic® 610-50R 
(ethoxylated linear alcohol, 50% ethyleneoxide, HLB=10.0) by Vista Chemical Co., Alkamuls® S (ethoxylated stearic 
acid, HLB= 11.2) by Rhone-Poulenc Co., and the like. Examples of surfactants in group (4), acetylinic diols, include 

30 Surfynol® 104 (tetramethyl decynediol), Surfynol® 440 (ethoxylated tetramethyl decynedion, HLB = 8.0). Surfynol® 
485 (ethoxylated tetramethyl decynediol, HLB = 17.0) by Air Products & Chemicals, Inc.. and the like. 
[0028] The surfactants in group (5) are classified as cationic surfactants. Specific examples of the cationic surfactants 
which may be used to advantage in the present invention include N-alkyltrimethyl ammonium chloride, N,N-dialkyldime- 
thyl ammonium chloride, Variqi at® 66 (tallow alkyl bis (polyethoxy) ethyl ammonium, ethyl sulfate) by Witco Corp., Var- 

35 iquat® 638 (methyl-bis(2-hydrcxyethyi) coco ammonium chloride) by Witco Corp., and the like. 

[0029] The surfactants in grojps (1) - (5) are compatible with the acidic pH (<7.0) and the cationic nature of the inks 
of this invention. Mixtures of these surfactants are also useful in this invention. A concentration of surfactant from about 
0.1% to about 10% by weight based on the total weight of the ink is effective in alleviating the mottle, with about 0.5% 
to about 3% by weight based on the total weight of the ink preferred. 

40 

Other Ingredients 

[0030] Consistent with the requirements of the invention, various types of additives may be used to optimize the prop- 
erties of the ink compositions for specific applications. Polymeric film-forming binder materials may be added to improve 
45 the.smear resistance. As is well known to those skilled in the art. biocides may be used in the ink compositions to inhibit 
growth of microorganisms. Sequestering agents such as EDTA may also be included to eliminate deleterious effects of 
heavy metal impurities. Other known additives, such as humectants, viscosity modifiers and other acrylic or non-acrylic 
polymers made also be added to improve various properties of the ink compositions as desired. 

so Ink Properties and Preparation 

[0031] The ink compositions of the invention may be prepared in a similar manner as other ink jet inks. First, the 
selected colorant is pre-mixed with the cationic dispersant in the aqueous vehicle and the colorant-dispersant mixture 
is then dispersed in the aqueous carrier. The dispersing step may be accomplished in a horizontal mini mill, a ball mill, 
55 an attritor, or by passing the mixture through a plurality of nozzles within a liquid jet interaction chamber at a liquid pres- 
sure of at least 5,000 psi to produce a uniform dispersion of the pigment particles in the aqueous vehicle. 
[0032] It is generally desirable to make the colorant dispersion in concentrated form, which is subsequently diluted 
with a suitable liquid containing the desired additives such as the surfactants of this invention to the appropriate con- 
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motr^J -L deSire ? ViSC0Si,y ' COl0r • hU6 ' denSHy ^ ar6a C ° Vera 9 e ,or ,he plication. 
EXAMPLES 

DlSper?antg : Ben2 y' ™thacrylate -b-methacrylic acid (15//10 degree of polymerization). 



75 



20 



n E ^VT^VSST, ™f , anta " lhe "~"«». * ima. drying tube ouM. and addition 
.n aoeton.tr.le. was then added. Feed I [tetrabutyl ammonium m-chlorobenzoate 1 ! ml o° a 1 0 M^Mionfn 5 6^ 

iindea: Ethoxytriethyleneglycol methacrylate-co-dimethylaminoethyl methacrylate (80/20% by weight) 

SSfaTnJ ^'' iter W3S eqUipPed WHh 3 mechanical s,i,f ^. Imogen inlet, drying tube outlet and addition funnels 
1 ™ 9? ms; P- x V lene - 18 grams; and tetrabutylammonium m-chlorobenzoate 2 6 m of a 10 M THF 2 
^(SlX; aSK . ' n i ,iat ° r ' 1 - me ^y1-t^ethylsiloxy.2.mcthy.propene. 150 gls was S?7 
(ETEGMA, 3448 grams and DMAEMA, 862 grams) was started and added over 60 min After anoTher 30 min aM Sll 

of ETEGMA/DMAEMA random copolymer with molecular weight of around 5,000 at about 57 % solids in water 
(KEf^^ methacrylate-coKfimethylaminoethy. me.hacrylate 

THmLo tfm?n ,aS . k WaS . equipped wi,n a mechanical stirrer, nitrogen inlet, drying tube outlet and addition funnels 
THF. 850 grams; p-xylene. 4 grams; and tetrabutylammonium m-chlorobenzoate 0 9 mL of a 1 0 M thf«**» 

SaT™^ 



55 



40 



45 



50 
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Dispersion T : 

[0039] Dispersant 1 (343.8 grams), 360.0 grams of Enduraphthal® blue BT-617D pigment (Cookson Pigment Co., 
Newark, NJ) and 38.3 grams of diethylene glycol were mixed and the mixture was then charged to a 2-ro!!-mi!! and proc- 
s essed for 30 minutes. This made a pigment chip that contained 56.4% pigment and 37.6% polymer (i.e.. it had a pig- 
ment-to-dispersant ratio ("P/D") of 1 .5/1). The milled chip, 200 grams, was then dissolved with 26.91 grams phosphoric 
acid (86%) as the neutralizing agent, and 1.89 grams of benzoic acid as biocide in 523.2 grams of deionized water to 
make an aqueous pigment dispersion concentrate that contained 1 5%, pigment at a pH of 5. 1 6. 

10 Pispersion 2; 

[0040] The process for Dispersion 1 was repeated except that 463.3 grams of Dispersant 2 was used in lieu of Dis- 
persant 1 to make a pigment chip that contained 56.4% pigment and 37.6% polymer (i.e., it had a pigment-to-dispersant 
ratio ("P/D") of 1.5/1). The milled chip, 200.0 grams, was then dissolved with 27.46 grams potassium hydroxide (45% in 
75 deionized water) as the neutralizing agent, and 2.0 grams Proxel GXL (ICI Americas, Inc., Wilmington, DE) as biocide 
in 522.54 grams of deionized water to make an aqueous pigment dispersion concentrate that contained 15% pigment 
at a pH of 8.2. 

Dispersion 3 : 

20 

[0041 ] The process for Dispersion 1 was repeated except that 360.0 grams of Sunfast® magenta 1 22 pigment (Sun 
Chemical Corp., Cincinnati, OH) was used in lieu of the blue pigment to make a pigment chip that contained 56.4% pig- 
ment and 37.6% polymer (P/D = 1.5/1). The milled chip was then neutralized and diluted with phosphoric acid as 
described in Dispersion 1 to produce a 15% cationic magenta dispersion. 

25 

Dispersion 4 : 

[0042] 214.9 grams of Dispersant 1,150.0 grams of Irgaiite® LBS Yellow 174 pigment (Ciba Geigy Corp., Newport, 
DE) were mixed and the mixture was charged to a 2-roll-mill and processed for 30 minutes. This made a pigment chip 
.30 that contained 50% pigment and 50% polymer (P/D = 1/1). The milled chip was then neutralized and diluted with phos- 
phoric acid as described in Dispersion 1 to produce a 15% cationic yellow dispersion. 

Dispersion 5 : 

35 [0043] The procedure described in Dispersion 4 was repeated except that Sunbrite® Yellow 13 pigment (Sun Chem- 
ical Corp., Cincinnati, OH) was used. 

Example 1 - Inks 1-6 

40 [0044] 

Inkjn: A control ink of the following formula was prepared by combining the ingredients with magnetic stirring over 
10-15 minutes: 



Ingredient 


Amount (wt%) 


Dispersion 1 


3.5 


Binder 2 


2.0 


2-Pyrrolidone 


6.0 


Multranol® 4012 (Miles Inc.. Pittsburgh, PA) 


2.5 


Tetraethylene glycol 


10.0 


Givgard® DXN (Givaudan-Roure Corp., Clifton, NJ) 


0.1 


Balance of deionized water 
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Tfe pH ol the ink was adjusted to 3.22 with phosphoric acid. The ink has a surface tension of 40.7 dyne/cm and an 
HoS^NY) *** °' "* ^ by Br0okhaven B| - 90 P article sizer (Brookhaven Instrument Corp.. 

S^SJ* ,0r ™i a ° f !nk * 1 was e * c W ,h * a" amphoteric surfactant Emcol® 6748 (Witoo Corp New 

York, NY) was added at 1% by weight based on the total weight of the ink. 

Jnkjfi: The formula of Ink #1 was repeated except that a cationic surfactant Variquat® 638 (Sherex Chemical Co 
Inc., Dublm. OH) was added at 1% by weight based on the total weight of the ink. 

K!H£2! f Z U ' a ° f !S # J 7fc/! Peated 6XCept lhat a ca,ionic surfa * ant Varic l uat ® ^ (Sherex Chemical Co.. 
Inc., Dublin, OH) was added at 1% by weight based on the total weight of the ink. 

JnkJS: The formula of Ink #1 was repeated except that a nonionic surfactant Tergitol® 15S-7 (Union Carbide 
Chemical Co.. Danbury, CT) was added at 1% by weight based on the total weight of the ink. 

MM The formula of Ink #1 was repeated except that an amphoteric surfactant Standamox® CAW (Henkel Corp 
Hoboken. NJ) was added at 1% by weight based on the total weight of the ink. 

20 Test Results : 

[0045] The inks were filled into a thermal tri-chambered ink jet pen and printed with a Hewlett Packard DeskJet 850 

StJSLS' r 3 ^ P f M °' CA) 00 Champi0n ° atac °Py P a P er ( Cham P ion '«onal Corp., 

Stamford, CT). The printing results are listed below. 

25 



10 



15 



30 


Ink 


Vise. 8 


Surface Tension 6 


Mottle/Edge Acuity* 


Bleed c . 


Chroma/Hue Angle 
(unit/degree) d 


T-cycle G (nm) 
before/after 












C/C 


C/K 








1 


3.61 


40.7 


0 


0 


0 


41.4/267.7 


114/104 




2 


3.82 


33.6 


++ 


++ 


++ 


42.9/268.0 


113/101 


35 


3 


3.86 


36.6 


+ 


NA 


NA 


43.1/268.0 


116/98 




4 


3.98 


{ 39.7 


0 


NA 


NA 


41.2/268.2 


118/98 




5 


4.11 


31.5 


++ 


++ 


++ 


43.5/268.3 


109/98 


40 


6 


4.02 


34.0 


++ 


++ 


++ 


43.7/266.6 


103/98 



45 



50 



- j - ■ «rv — ». ^»«H"w <« « ana was measured on a Brookfield digital viscometer Model DV-II 

b Surface tens.on is reported in dynes/cm was measured by a Aulotensiomat® , Model 21 5 surface tension analyzer (Fisher 
Scientific, Pittsburgh, PA) 

c C/C bleed refers to the color to color bleed between 2 different color inks of this invention. C/K bleed refers to the bleed 
between a color ink of this invention with the commercial anionic pigmented black ink supplied lor the printer by Hewlett Pack- 
aro Oo. 

d The color properties were measured with a Milnota Chrom Meter. Model CR-221 (Japan) 

e T-cycle: The ink was stable after it had been subjected to 4 temperature cycles, each consisting ol 4 hours at -20«C and 4 
hours at 70-C. The particle size was measured by Brookhaven BI-90 particle sizer (Brookhaven Instrument Corp.. Holtsville 

NY) ' 
1 0: Control 

+: Detectable improvement 
++: Significant improvement 



55 



[0046 With the exception of Ink #4, all of the inks of this invention produced much more uniform appearance than the 
control ink which appeared to be blotchy. The improved uniformity of density is also reflected on the higher chroma val- 
ues tor the inks of this invention. Furthermore, the color-to-color and color-to-black bleed is also significantly improved 
m the inventive inks. The secondary colors, which are made by printing more than one color ink, also showed improve- 
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ment on the.overal! color quality due to the improved uniformity of color density. All inventive inks are stable to the sur- 
factants of this invention as demonstrated with the temperature cycle data. 

Example 2 - Inks 7- 8 

£ 

[0047] 

Jnk#Z (Control): The formula of Ink #1 was repeated except that Binder 1 was used in place of Binder 2. 

jo Jnklfi: The formula of Ink #7 was repeated except that a nonionic surfactant Surfynol® 485 (Air Products and 
Chemicals, Inc., Allentown, PA) was added at 1% by weight based on the total weight of the ink. 

Test Results : 

75 [0048] The inks were tested as in Example 1 . 



20 


lnk# 


Vise. 


Surface Tension 


Mottle/Edge Acuity 


Bleed 


Chroma/Hue Angle 
(unit/ degree) 


T-cycle (nm) 
before/after 












C/C 


C/K 








7 


3.61 


39.6 


0 


0 


0 


43.3/267.5 


108/101 


25 


8 


3.61 


39.2 


++ 


++ 


+ 


43.5/267.0 


108/94 



[0049] The results show that the type of binder used in the ink does not affect the improvement seen with the combi- 
nation of components comprising this invention. 



30 Example 3 -Inks 9 -15 
[0050] 

]nkl2 (Control): An ink of the following formula was prepared by combining the ingredients with magnetic stirring 
35 over 10-15 minutes: 



Ingredient 


Amount (wt%) 


Dispersion 2 


2.5 


2-Pyrrolidone 


6.0 


N-Methyl pyrroiidone 


6.0 


□ponies® EG-1 (Lipo Chemical Co., Paterson, NJ) 


5.0 


Tetraethylene glycol 


4.0 


Nuosept® 95 (Huls America Inc., Piscataway. NJ) 


0.5 


Deionized water to make 100% 





The pH of the ink was adjusted to 8.2 with KOH. The ink has a surface tension of 50.5 dyne/cm and an average 
particle size of 93 nm as measured by Brookhaven BI-90 particle sizer. 

ink#l0: The formula of Ink #9 was repeated with the following exception: an amphoteric surfactant Ammonyx® 
MCO (Stepan Co., Northfield, IL) was added at 1% by weight based on the total weight of the ink. 

inkjQl: The formula of Ink #9 was repeated except that an amphoteric surfactant Standamox® CAW was added 
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at i% by weight based on the total weight of the ink. 

mmZ' The formula of Ink #9 was repeated except that an amphoteric surfactant oleyl amine oxide was added at 
1% by weight based on the total weight of the ink. 

Jnk£l3: The formula of Ink #9 was repeated except that an amphoteric surfactant Emcol® 6748 was added at 1% 
by weight based on the total weight of the ink. 

InklH: The formula of Ink #9 was repeated except that a nonionic surfactant Tergitol® 15S-7 was added at 1% by 
weight based on the total weight of the ink. 

JnkH5: The formula of Ink #9 was repeated except that a nonionic surfactant Surfynol® 485 was added at 1% bv 
weight based on the total weight of the ink. 

is Test Results : 

[0051] The inks were tested as in Example 1 . 



w 



20 





Ink* 


Vise. 


Surface Tension 


Mottle/Edge Acuity h 


Strike-thru' 


Optical Density^ 


T-cycle (nm) 
before/after 




9 


2.96 


50.5 


0 




1.06 


93/86 


25 


10 


3.21 


33.5 






-0.88 


83/83 




11 


3.06 


35.9 






0.96 


93/75 




12 


3.21 


32.4 






0.89 


81/81 


30 


13 


2.88 


37.3 






1.00 


80/83 




14 


3.29 


31.8 






0.88 


80/83 




15 


3.11 


43.7 




•• 


0.96 


93/80 



35 



AO 



45 



g The optical density was measured with an X-Rite densitometer, Model 418 (X-Rite, Inc Grandville Mh 
hO: Control ' ' ' 

Significantly more mottled and fuzzier edges than control 
--: Sever mottling 
i 0: no detectable strike-thru 

detectable strike-thru 
--: severe strike-thru 

[0052] The Control (Ink #9) having high surface tension showed very little strike-thru the paper and the edges of the 
prints were sharp as expected. However, the solid area fill had a blotchy, uneven appearance. Similar surfactants from 
this invention significantly reduced the surface tension for these comparative anionic inks. This led to a significantly low- 
ered optical density, and much more strike-thru the paper was observed. Mottling and edge acuity and the overall 
appearance was dramatically affected in a negative manner. 



Example 4 -Inks 16 -20 
so [0053] 

ink£1£: A control ink of the following formula was prepared by combining the ingredients with magnetic stirring over 
10-15 minutes: 



55 
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* v • 



Ingredient 


Amount (wt%) 


Dispersion 3 


2.5 


Basonyl® red NB560 (Basic Violet 1 1) dye (BASF Corp., Clifton, NJ) 


0.6 


. Binder 1 


1.0 


2-Pyrrolidone 


7.3 


N- Methyl pyrrolidone 


6.0 


Multranol®4012 


1.5 


Dantocol® DHE 


1.0 


Tetraethylene glycol 


8.7 


Deionized water to make 1 00% 





20 The pH of the ink was adjusted to 3.02 with phosphoric acid. The ink has a surface tension of 45.4 dyne/cm and an 
average particle size of 108 nm as measured by Brookhaven BI-90 particle sizer. 

Jnfcjai: The formula of Ink #16 was repeated except that a amphoteric surfactant Emcol® 6748 was added at 1% 
by weight based on the total weight of the ink. 

25 

lnk#18: The formula of Ink #16 was repeated except that a cationic surfactant Variquat® 638 was added at 1% by 
weight based on the total weight of the ink. 

]nk#l9: The formula of Ink #16 was repeated except that a cationic surfactant Variquat® 66 was added at 1% by 
so weight based on the total weight of the ink. 

]nk#20: The formula of Ink #16 was repeated except that a nonionic surfactant Tergitol® 15S-7 was added at 1% 
by weight based on the total weight of the ink. 

35 Test Results : 

[0054] The inks were filled into single chambered thermal ink jet printheads and printed with a Hewlett Packard 
DeskJet 500 ink jet printer on Champion Datacopy paper. 

40 



lnk# 


Vise. 


Surface Tension 


Mottle/Edge Acuity 


Optical Density 


T-cycIe (nm) before/after 


16 


3.71 


45.4 


0 


1.06 


108/99 


17 


3.76 


35.3 


++ 


1.01 


101/123 


18 


3.79 


38.0 


++ 


1.01 


107/100 


19 


3.78 


41.3 


+ 


1.01 


108/95 


20 


3.96 


31.8 


++ 


1.03 


88/221 



[0055] The Control ink (#16) had slightly higher measured optical density. However, the density appeared to be non- 
uniform and gave a blotchy appearance and more feathering on the edges than all the experimental inks. 

55 Example 5 - Ink 21 

[0056] Ink #16 was also the control for this set of comparison. 
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Test Results: 

[0057] These inks were tested as in Example 1 . 



10 



15 



lnk# 


Vise. 


Surface Tension 


Mottle/Edge Acuity 


Bleed 


Chroma/Hue Angle 
(unit/degree) 


T-cycle (nm) 
before/after 










C/C 


C/K 






16 
21 


3.71 
4.02 


45.4 
43.3 


0 

++ 


0 
0 


++ 
++ 


64.5/347.2 
62.9/348.1 


108/99 
108/91 



20 



25 



30 



35 



40 



Example 6 - inks 22 - 23 
[0059] 

Test Results: 

[0060] The inks were tested as in Example 1 . 



Jnk# 


Vise. 


Surface Tension 


Mottle/Edge Acuity 


Bleed 


Chroma/Hue Angle 
(unit/ degree) 


T-cycle (nm) 
before/after 










C/C 


C/K 






22 
23 


3.66 
3.26 


45.7 

33.7 


0 

++ 


0 
0 


++ 
++ 


57.7/345.6 
57.7/345.5 


108/99 
108/114 



45 S 1 tLl e Ad 2 f ^ ^ ^ ^ 52 a ' S0 ,ea,hCred and b,ed int ° ° ther «*» when they were printed adja- 

50 Example 7- ink* -07 
[0062] 



55 
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Ingredient 


Amount (wt%) 


Dispersion 4 


4.5 


Binder 2 


2.5 


2-Pyrrolidone 


4.9 


Multranol® 4012 


2.5 


Tetraethyleneglycol 


10.0 


Givgard® DXN 


0.1 


Deionized water to make 100% 





The pH of the ink was adjusted to 3.16 with phosphoric acid 

lnk#25: The formula of Ink #24 was repeated except that an amphoteric surfactant Standamox® CAW was added 
20 at 2% by weight based on the total weight of the ink 

]nkj?2£: The formula of Ink #24 was repeated except that Dispersion 5 was used in place of the Dispersion 4 and 
an amphoteric surfactant Standamox® CAW was added at 1% by weight based on the total weight of the ink. 

25 Ink #27 : The formula of Ink #24 was repeated except that Dispersion 5 was used in place of the Dispersion 4, and 
a nonionic surfactant Tergitol® 1 5S-7 was added at 1 % by weight based on the total weight of the ink. 

Test R es ul ts : 

so [0063] The inks were tested as in Example 1 ; 



lnk# 


Vise. 


Surface Tension 


Mottle/Edge Acuity 


Bleed 


Chroma/Hue Angle 


T-cycle (nm) 














(unit/degree) 


before/after 










C/C 


C/K 






24 


6.28 


40.1 


0 


0 


++ 


78.3/96.9 


122/81 


25 


7.98 


28.8 


0 


++ 


++ 


82.8/96.2 


122/74 


26 


5.04 


32.6 


0 


++ 


++ 


83.0/96.3 


121/107 


27 


5.61 


31.6 


0 


++ 


++ 


81.0/96.6 


121/104 



45 [0064] The edge acuity for a very light color such as the yellow ink is very difficult to observe, and is therefor not as 
critical as it is for the other colors. However, the improvement provided by this invention in mottling and color coverage 
is evidenced by the increased chroma value in comparison to the control ink where no surfactant was used. 

Example 8 -Inks 28-31 

so 

[0065] 

Jnk#_28: A control ink of the following formula was prepared by combining the ingredients with magnetic stirring 
over 10-15 minutes: 

55 
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Ingredient 


Amount (wt%) 


Dispersion 3 


3.0 


2-Pyrrolidone 


7.3 


N-Methyl pyrrolidone 


6.0 


Multranol® 4012 


1.5 


Dantocoi® DHE 


1.0 


Telraethyleneglycol 


87 


Benzoic acid 


0.25 


Balance of deionized water 





The pH of the ink was adjusted to 3.29 with phosphoric acid. 

20 

lnk#29: The formula of Ink #28 was repeated except that an amphoteric surfactant Standamox® CAW was added 
at 1% by weight based on the total weight of the ink. 

Jnk_#30: The formula of Ink #28 was repeated except that a nonionic surfactant Tergitol® 15S-7 was added at 1% 
25 by weight based on the total weight of the ink. 

lnk#31: The formula of Ink #28 Was repeated except that a amphoteric surfactant Emcol® 6748 was added at 1% 
by weight based on the total weight of the ink. 

30 Test Results: 



[0066] The inks were tested as in Example 4. 



Ink# 


Vise. 


Surface Tension 


Mottle/Edge Acuity 


Optical Density 


Chroma/Hue 

Angle 
(unit/degree) 


T-cycle (nm) 
before/after 


28 


3.57 


46.3 


0 


0.73 


46.7/346.4 


105/101 


29 


3.77 


35.0 


++ 


0.78 


50.2/346.3 


103/100 


30 


4.18 


32.8 


++ 


0.77 


49.9/346.0 


90/138 


31 


3.91 


35.5 I 


•++ 


0.77 


49.5/346.4 


99/140 



[0067J The Control, Ink #28, exhibited sever mottling due to non-uniform penetration of the ink into the paper and poor 
edge acuity due to feathering. AH inventive inks having low surface tension dried fast and produced much more uniform 
and higher density, and sharper edge acuity for a significantly improved overall appearance. The higher chroma values 
so for the experimental inks versus the control ink are also consistent with the observed output improvement This expert- 
ment demonstrated that hinders are not necessary to achieve the effect of this invention. All experimental inks are sta- 
ble to the surfactants of this invention as demonstrated by the fact that no f lobulation or settling was observed with the 
temperature cycling and the particle size data. 

55 Claims 

1 . An ink jet ink comprising: 
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-<a) an aqueous vehicle; 

(b) an insoluble colorant; 

(c) a cationic polymeric dispersant; and 

(d) at least one surfactant selected from the group consisting of: 

(1) amine oxide amphoteric surfactants having the formula: 

R 3 



75 



20 



25 



45 



55 



wherein R 2 and R 3 may be selected from the group of H, C r C 4 alkyl. C r C 4 hydroxyalkyl; R 1 is C 8 -C 22 
which may be alkyl, aryl, or alkylaryl, may be linear or branched, and may contain -O- «N- -S- -C(0)- - 
C(0)0-, -C(0)N-, -S(0) 2 N-, or unsaturation groups; 

(2) N-alkyl betaine amphoteric surfactants having the formula: 

R l~ N (CH 2 ) x -C(0)0 

*3 



wherein x = 1-4; is C 8 -C 22 which may be alkyl, aryl, or alkylaryl, may be linear or branched, and may 
contain -O-, -N-, -S-, -C(0)-, -C(0)0-, -C(0)N-, -S(0) 2 N- ( or unsaturation groups; R 2 and R 3 may be 
selected from the group consisting of H, C, -C 4 alkyl, d -C 4 hydroxyalkyl and C r C 4 carboxy; or R 2 and 
30 R 3 may be connected to form a 5-6 membered cyclic structure which may contain hetero atoms selected 

from the group consisting of N, O, S; 

(3) ethoxylated long chain alcohol nonionic surfactants having the formula: 

35 R-(OCH 2 CH2) x -OH 

wherein R is C 8 -C 22 alkyl, aryl, or alkylaryl, may be linear or branched, or may contain -0-, -N-, -S-, -C(0)- 
, -C(0)0-, -C(0)N-, -Sp^N-, or unsaturation groups; x = 2-100; 



40 (4) acetylenic diols 



f. f3 

I I 
(OC 2 H4) x OH (OC 2 H4) y OH 



wherein x + y= 1-100 ; R<|,R 2 R3, and R 4 are independently selected from the group of C r C 20 alkyl, aryl, 
so and alkylaryl, linear or branched; and 

(5) long chain amine salts 
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70 



15 



r 

I 

R 3 : 



wherein R,, R 2 . Ffe. and R 4 are independently selected from the group consisting of H, C,-C 4 alkyl C,-C, 
hydroxy alky , carboxy C,-C 4 , polyethylene oxide and linear or branched alkyl. aryl. or alkytaryl! 

wththeprovsothat any two of R,. R 2 , R 3 , and R 4 maybe connected to from a 5-1 rnembered cyclic struc^ 
ture wh.ch may contain hetero atoms selected from the group consisting of N, 0. S and with the further 
prov,so tha at least one of R, , R 2 . R 3 , and R 4 is and linear or branched C 8 -C 22 alkyl. aryl. or alkylaryl; and 
a is a counter ion. 



20 3. 



25 



The inkjet ink of Claim 1 wherein the insoluble colorant is a pigment. 

The ink jet ink of Claim 2 wherein the surfactant is selected from the group consisting of cetyl dimethylamine oxide, 
myris yl cetyl d.methylam.ne oxide; cocoamidopropyl dimethylamine oxide; cocoamidopropyl betaine, lauramido- 
propyl betaine oleyl betaine, disodium cocoa mphodiproprionate; a C„ -C 15 secondary alcohol ethoxylate; ethox- 
ylated linear a cohoL 50% ethyleneoxide; ethoxylated stearic acid; tetramethyl decynediol. ethoxylated tetramethyl 
decynedion HLB = 8.0; ethoxylated tetramethyl decynediol, HLB = 17.0; N-alkyltrimethyl ammonium chloride. N,N 
dialkyld«methyl ammonium chloride, tallow alkyl bis(polyethoxy) ethyl ammonium, ethyl sulfate and meth y l-bis(2- 
hydroxyethyl) coco ammonium chloride. 

4. The ink jet ink of Claim 2 wherein the cationic polymeric dispersant is selected from the group consisting of AB 
block polymers, BAB block polymers, ABC block polymers, branched polymers and random polymers. 

5. The ink jet ink of Claim 2 wherein the cationic polymeric dispersant is a block copolymer, and wherein the ink com- 
poston comprises approximately 0.1 to 8% pigment, 0.1 to 8% block copolymer, 79 to 99.75% aqueous vehicle 
and 0.1 % to about 1 0% by weight of the surfactant, based on the total weight of the ink. 

35 6. The ink jet ink of Claim 1 wherein the surfactant is present in the amount of about 0.1% to about 10% by weight 
based on the total weight of the ink. 1 y 

7. The ink jet ink of Claim 1 wherein the surfactant is present in the amount of about 0.5% to about 3% by weight 
based on the total weight of the ink. 



30 



40 



8. The ink jet ink of Claim 1 wherein the aqueous vehicle is a mixture of water and a water soluble 



organic solvent. 



45 



50 
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